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A HULL 

FOR AN AMPHIBIOUS VEHICLE 

The present invention relatc^i tu a hull ond, in 
5 particulaiT/ to a hull for an arophibiou? vehicle. 

The cio5ignc>rs of planing hulls fot* wat^ccraft usually 
adopt a doo^z^'^0 angle of between 14 anri I ft degreeJ! atnld.<ihip2 . 
Tho jinglp m£iy flatten along the run aft to 2.5 to ^ degi^ees «*t 

10 tho transom. The applicant has detocmincd that for an 

amphibious vehiclo with & planing hull it is desirable to havi> a 
maximum d^^drise angle of about 6 d^gree:^ on the planinci surfoco 
in ocdor to provide for adequate ground elect ranco when the 
vehicle: is used on a road. Such o low deadrise angle 

15 detrimentally affects direct ionnl stability of a hull when 
planing on water. In order to ^iddrears this problem, the 
applicant provides a pair of strdkc:> running lengthwise along 
the ufjdersi dc-; of th(> hull in order to improve directional 
^stability of the huAX whtan planincj on water, 

20 

Normally it is only slow speed di&;placement ve^^ols that 
ucc a smooth hull without hydrodynamic aids. Traditionally, a 
keel is a protrusion fro.-n the ;imooth under curface of a hull 
along its longitudinal centre line, 7hi;s definition dates back 
25 to Che days of wooden ships, when the keel was the first pact o£ 
tho iship to bo laid down during its build. 

Moro tRcently, the term keel has been applied to one/ or a 
pair of# deep fin(5) which extend downwards from a hull on. or 
on either side ot, its longitudinal centre line. Such fins arc 
30 also known as skeg», and are particularly popular on call driven 
vehicleii^ from windsurfers to yachts; where their depth can 
provide! groat atability agoinst lateral wind forces. 

Strakec are relatively shallow !>t ructures , of similar 
depth to a central, full length, keel; but laterally displaced 
35 to cither sido of a vessel's longitudinal centre line. 

Skegs are readily dist inguisshcd from titrakc^:, in that: 
a) skygs are only about one quarter the length of the 

hull, whereas sjtrake:; extend along substantially 
the full hull length; 



11/14/2005 MON 08:56 [TX/RX NO 5277] 



Duui. I vnuc I cnnnn i 



WO 2004/103744 PCr/GU2004/0O2165 



b) iikcgii arc theni5elve5 o£ greater depth co the rest 

oi! the hull structur*? - considerably dtiftper in the 
case of a windsurfot - whtrec^s a iitrake would 
typically be less chart 10% as deep &o the rest oT 
the ho 1.1; 

C> skeqs> arc rarely, if ever, fitted to amphibious 

vehicles; because they would nullify • ground 
clearance, and because araphibian« are not 
generally wind powetod. 



)0 



An\phibious vohicl»?s oper«tiiKj in d li>placemenc reodo arc 
limited to a speed of around six knots. At such .spo<?dj5, which 
hold little marketing appeal, hydrodynamic aid^j have little 
effect; and the vessel remains subfstant ially levpel when turning. 
15 A planing amphibious vehicle, hov^evotr may travel on v/atcr at IS 
knotc or more, and will Icdn into corOiSirs ; so strakes can be 
us^t-Ail hydrodynamic ^lids. 

K(>elr:i and strak^ts are particularly useful for vb:i;j;^li; 
dtiven by water jets, which have no dcpc^ndent structures; below 
20 the qonGtal l«?vel of the hull. By contrast, the drivt* pod. 

propeller, and ruddor of an outbo/»rd motor can act as lateral 
stabilizers . 



The present invention provid^^i; in a first aspect a hull 
25 fot amphibious vehicle with an underside iiubmc-irrsi bX e in water 

and at least one strake extending lengthwise along at least part 
of the underside, wherein the str/»ko at least in part has a pair 
of iiurfaces which both extend downwardly from th<?^ hull at an 
angle of 75 degrees to 90 diagre^^ to horik:ontal when the hull is 
30 level, each of the surfaces when immersed in water capable of 

giving rise to a lateral force on the hull during turning of the 
hull in water. 

The present invention provides in a :^t?cond aspect a hull 
35 for an amphibious vehicle with an underside subiuerujiblo in water 

and at least a first pair of strokes extending parallel co ea^h 
other lengthwise olong at least part of the underside, wherein 
each strake at least in part has a pair of surfaces which both 
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extend downwardly from the hull at an angle of 75 degrees to 90 
degrees to the horizontaJi when the hull ic ievel^ each of the 
surCocGc when iirjncrscd in woter cap^iblc of giving rise co a 
latocvil Corce on tU^ hull during tui^ninq of the hull in water. 
5 The two str<ik.eat o£ cciid pair are preferably located one each on 
either side of a keel provided centrally on the underside of the 
hullr the strakes being spaced equidistant ly front the keel. 

The strokes of the prior art have been provided in 
10 parallel extending pairs on the underside of a hull« but have 
been triangular in cross-section so that each strake has one 
liide inclined to provide a significant resistive, transverse 
force during turning, but with the other side inclined to 
provide little resistive transverse force during turning. In 
15 the present. Invention both sides of each strake are used to 
provide a significcint rijaistive transv^^rse force. 



Preferably the or each strako has a forward pact which is 
substontially triangular in transverse cross-section and a 
20 rearward section which is substantially quadrilateral in 

transverse cross-section. The or each section h«i5? a pair of 
surfaces t?ach capable of giving rise to a lateral force, but 
said forces ore. greater, and xnore evenly balanced, at the 
rearward section . 

25 

It is preferablp. to have only at the rear of the hull a 
strakc with a pair of sides capable of giving rise to greater 
resistive transverse forces^ because otherwise the hull will be 
difficult to turn in water when not planing. It is only the 
30 rear of the underside of the hull which remains immersed in 
water when the hull is planing* 



Preferably the or each strake extends along the majority 
but noC the complete length of the underside of! the hull. 
35 Preferably the or each strakc does not extend lower than the 

lowest part of a keel of the hull. Where the hull has removc>ble 
panels then the or each strakc can extend over the panels. 

The or each strake can have a section formed integrally 
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with the hull and o section forroed indcpond^sntly of r.hc hoi} and 
then fixed to the hull. The said independently formed sections 
can be forward or rGjarwdcd removable sections, so as to edsc 
replacement when damaged. An independently formt^d :»ectio.T can 
5 extend over a removable panel in the underside of the hull ond 
can be removable to allow removal of the rentovablc panel. 

A preferred embodiment of hull according to the present 
invention will now be described by way of exomplo only with 
10 reference to the accompanying drawings, in which: 

Figure 1 is a plan view of an underside of $ hull 
according to the present invention; 

Figure 2 is a perspective view from below of the hull of 
Figure 1 

t'iguri* 3 ib- a cros^-^eccion through the hull of figure 1 
taken along the line x-x' ; 

Figure 4 is a croso-coction through the hull of Figure 1 
tiiSJcen ^ilong the line y-y' ; 

Figure 5 !.«: fi detail view of the cror»s-ccct ion of Figure 

20 3/ And 

Figure 6 is a detail view of the cross-aection of Figure 

A . 

In Figures 1 and 2 there Can iiecn a hull 11 of an 
25 amphibious vehicle 10 having a forward bcw end 12 and rear stern 
end 13. The underside of Che hull 11 is shown and provided on 
the underside are a pair of straVoi; 14, 15 spaced equidiatantly 
from a keel 16. Each ctrake 14, IS rune longthwiao along the 
iindp.rsidft Of the hull 11 for th<a majority ot, but not the whole 
30 length of, the hull 11. The underside of the hull 11 is 
provided with removable panels 7, 0, 17, 18 which are 
hydrodynamic aids (planing plates) as described in the 
applicant'. s co-pending UK patent application no. 0311'J99.8 
entitled *A Hull For An Amphibious Vehicle' . One section of 
35 each strake 14, 1.^ is formed integrally with the hull 11 and 

another section formed integrally with, or assembled to, one of 
the removable panels* 17, 13. 

The forward sections oZ the str^ikeii 14, 15 are triangular 
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in crosa-scction, os can be .seen in Figure 3, and in decail foe 
strake 14 in Figure 5, Figure 5 being an enlarged view of p^irt 
of the croGC-sect Ion of Fiqur^ 3, showing iitct^k*^ in in detail. 
Looking at Figure 5, it can be ceon that the ijUraKc 10 has a 
face Id which extends at an angle a of approximately 50 degreeis 
to the horizontal when Che hull is level and a face 20 which 
extends at an angle P of approxinately 15 degrees to the 
hocixontal when the hull is level. When tht? litrake 14 moves; 
through the water in the direction of at cow 21 at a first speed 
then interaction of the face 19 with the water givess rise to «j 
transverse force of a first magnitude on the hu)l resisting the 
motion. When the strake 14 moves through the water in the 
direction of the arrow 22 at the same firsl: ripced then 
interaction of the face 20 with surrounding water gives rise to 
a transverse force of a second magnitude smaller than the Ci/^st 
magnitude, due to the fact that the faces 10 and 20 lie at 
different angles to the hori;sontaX. 

The strake 15 is a mirror image of the strake 14. It too 
has faces inclined at different angles. Strakes 14 and 15 are 
shown with rounded corner.^ between faces 19 and 20- This aids 
dcmoulding, particularly in series production. If it is deisired 
that any part of st rakes 14 and 1*3 which i.v. not immecijed in 
water i^hould act as a spray rail, it may be moulded with a sharp 
corner botwoon the inclined faces. 

The rearward sections of the st rakes 3 4, 15 are 
quadrilateral in cross section, as can he sften in Figure 4 and 
in detail for strake 15 in Figure 6, Figure 6 being an enlarged 
view of part of the cross-section ol Figure 4, showing strake 15 
in detail. Looking at Figure 6 it can be seen that the stcako 
has a face 23 which extends at an angle y of appro:<ima t ely 02 
degrees to the horizontal when the hull is levt?l and a face 24 
which extends ac an anqle 0 of approximately 85 degrees to the 
horizontal when the hull is level. Alternatively, angles y, 0 may 
be substeintiaXly equal, say 85 degrees. Indeed, angles y, 0 could 
be any angle from 75 to 90 degrees. The interaction of the face 
23 with water gives rise to a significant resistive lateral 
force when the strake move.^ in the direction oC the arrow 25 and 
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tho interaction of the face 2< with watiisr gives r5?je to a 
significant resinCive lateral force when the strike roov*»s in the 
direction of the Jirrow 26, StraKe X4 is o£ the sarn« cross- 
.^cction a55 strakc 15, but in mirror image thereto, 

5 

The quadrilateral shoped sections ot* the straken 14, 15 
43ivG the hull ^ood turning characteristics since the strakes 
together present d poir of faces giving rise to lateral forces 
on the hull for e^sch sen^ie of rotation of the hull, one fao« 
10 being provided by each strike. However/ the hull does not 

provide exce4;»ive resistance to turning when the hull is not 
planing because of the triangular cross*section ;shdpc of t:h« 
forwijrd sections of the strakea 14, 15, 

^5 The rearward sections of the strake& 14, 16 can be raadc 

independently of cho hull 11 and th^iin be fixed to the hull 11. 
These soctions i\u\y suffer from wear in u<JO and thus can be made 
replaceable. They can also be made removable to ^^llow removal 
of th© removable panels 17 and ID. 

20 

It is preferable that the ktsel 16 is replaceable An6 t^ifccis 
the ma;)ority of wear during road use of the vehicle, as 
discloycsd in the applicant's co-pending application no. 
GB0226443.0. The istrakeis 14 and IS preferably do not extend 
25 lower than the keel 16 so that the keel preferentially receives 
ground impacts suffered by the hull in road u:te rather than the 
strake^ 14, 15. 



30 



35 



Whilst in thci preferred embodiment dt^scribed above cwo 
atrakes 14, 15 arc provided on the underside of hull 11, It will 
be appreciated that just one strake or indeed an array of 
strakes may be beneficially employed. Also, the location of 
strakes may be varied. Furthermore, whilst the section of the 
strakes in the preferred embodiment reduces from root to tip 
(i.e. the faces tapftt /converge to some degree), it in envisaged 
thcit iJlternativo cmfocdiment:s of hull according to the present 
inv(ijMtion «--ould beneficially omploy strak«-,s who.se ^^oction 
increases from root to tip (i.e. the faceis diverge, of so-called 
're-entri>nt' form). Thi.^ may be achieved with integrally 
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moulded sdrakes or independent strakes which ore assembled or 
ace retrofit additions. 

Where the hull is usod on an amphibious vchicio, the 
5 ctrakes may be located inboard of wheoi arches in the hull. The 
road wheeX:^ may be mounted on retractable mxspctxslotm as is 
known in the ^^mphibiouo vehicle art, 'Jo i:hat the wheels ciin be 
rctractod on water to reduce hydrodynamic drag. 
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CXAIMS 

1. A hull for an amphibious vehicle with an underside 
submersible in water and an least ono sCr«:>ke extending 

5 Icngchwise along at least part of the undoroidc, whcroin tha 

straJce at least in part has a paic: or surfaces which both extend 
downw^-irdly from the hull c^t an angle of 7D degr«t>5 no 90 degretrs 
to the horizontal when the hull ivi level, each of the .surfaces 
when immt'rsed in wafccjr capable of givlnq ri.sft to a lateral force 

10 on the hull during turning of the hull in water, 

2r A hull for an amphibious VGhiclf? with on underside 
submersible in water and at least a fir«t pair of strakes 
extending parallel to each other lengthwise along at least part 

15 of the undorslde, whtsr*#in each strake at least in part has a 

pair of surfrtceii which both Qxt<^.nd downwardly from the hull at 
an angie of 75 degrees to 90 degrees to the hotriiiontal when the 
hull in lev<:?l, each of the surf«t;t:s wlien iiiuncrsod in water 
capable of giving rise to a lateral force on the hull during 

20 turning of the hull on water. 

3, A hull as claimed in claim 2 whct'cin the ctrake.? of the 
s^iid pair of strake$ are located one each on either side of o 
keel provided centrally on the undwxsido of the hull* the 

25 £>t raker; being spaced equidistantly from the keel . 

4. A hull as claimed in any one of the preceding claima 
wherein the or each strake has a forward part which is 
substantially triangular in transverse cro5ss-sect ion and a 

30 rearward section which is substont ial ly quadrilateral in 

transverse cross-section. 

5. A hull claimed in any one of Che preceding claims 
wherftin the or each strake extends along the majority of and not 

35 the complete length of the underside of the hull. 

6, A hull as claimed in any one of the preceding claims 
y/herein the hull ha:is a keel and the or each strake does not 
extend lower than the lowest part of the keel. 
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7 . A hull 6i& claimed in any one of the preceding claims 
wherein the undersld«% of cho hull has a pluroXity of removable 
panel? and at least one strake extends ovor at Ica^t one 
removable panel, 

0. A hull claimed in any one of the preceding cloims 
wherein .It least one section of r.hn or e-tich strike is forwcd 
integrally with the hull. 

9. A hull as claiiDed in any one of the preceding claimsS 
wherein at least one section of the or each ctraJcc is formed 
independently of the hull *ind Chen fixed to the hull, cho said 
section of strake being a rearward section oZ th»s strake. 

10. A hull as claimed in claim d wherein at Jleast one section 
of the or e.-iOh strakc ic formed independently of the Iiull and 
then fixed to the hull, the said section of strike being a 
forward section of the strake. 



20 



11. A hull as claimed in claim 0 or claim 10 wherein at least 
one independently formed section of strake is located ey^tending 
over a reiacvable panel in the underside of tha huU so that the 
independently formed section of strake can be removed to permit 

25 r(?moval of the removable p#inel, 

12. A hull as claimed in any one of the preceding claims which 
has a planing surface and a maximum dcadri:je angle on the 
planing surface of 6 degrees. 



30 



35 



13. A hull d5 claimed in any one of the preceding claims 
wherein the pair of surfaces of at least one section of the at 
least one scvako are convergent such that the section of the 
strake reduces from root to tip. 

14, A hull as claimed In any one of the preceding claims 
wherein the pair of surfaces of at least one section of the at 
least, one strake are divergent such that the section of the 
strake increases from root to tin. 
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15. A hall r-.j/iireed in any onft of the preceding clairr.5 which 
can be propelled through wAter to a npead where sufficient 
hydrodynamic lift is achieved for the hull to plane. 

5 

16. U3C o£ it hull its claimed in any one or" the preceding 
claims; as the hull of an amphibious vehicle. 

17. An amphibiouQ vehicle incorporating the hull cloimed in 
10 any one of claims 1 to IS. 

10. An amphibioun vehicle os cl^iimed In claim 17 further 
comprising a jet drive used r.o propel the vehicle through water 
in n marine modR to a speed where sufficient hydrodynamic lift 
15 is achieved for the vehicle to plane. 

19. A hull substantially as hercinboCore dG.scribed with 
reference to or shown in rho accompanying drAwingA. 

20 20. Usft Of A huJl 5»ub$tAntiial.ly a-s hereinbefore described with 

reference to or aa shown in the accompanying drewing,^. 

21, An amphibious vehicle aubscont ia 1 1 y hereinbefore 
described with reforoncc ro or as shown in the accomp«»nying 
25 dr«3 wings. 
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